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1. Introcluction. 

'I'he study of n.tmospheric tidal oscillations has been the 

subject of 1 ong n.nd intense research by m~1y eminent scientists. 

Its his tory n.n<l theory lln.vc been po.rti cul a.rly we 11 r(' c oun tcr! by 

Chapina.n [2J and ~1ilices [4] • The regular 24-hourly fluctuations 

of pressure ha.ve been observed and Cl..l"'la.lyzed since t~te invention 

of the barometer. ~·~ ore recently the a.ir motions of the ionosphere 

have received SJ?eCial n.ttention. Althou~h solar diurnal variations 

of the winds in the tropospl1ere and stratosphere ha.ve been the 

subject of inference from somewhat over-simplified theories, 

observations of such effects have been meager. 

The purpose of this study is to make an ant'l.lysis of a 

nossible solar semi-diurna.l variation in the winds at ten .. 

kilometers from the regular upper wind observations published 

in the Northern Hemisphere Do.i..a Ta.bulations [5] • 
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2. Dn.tn. selection. 

The tell kilometer winds <luring a 100-cla.y pe r iod from 

l November 1959 through 8 Februn.ry 1960 observerl at 15 stations 

were extracted from the Norther11 Ilemi.sphere Do.tn. 'l'almln.tions [ 5] • 

Nin e of these stations recorded the ten kilometer wind at OOOOZ, 

OGOOZ, l200Z, and l800Z with re asonable regularity each (Jo.y. The 

·. other six stn.ti ons observed the ten kilometer wind at OOO OZ and 

1200Z only. As a. maximum of on ly four observations per do.y 

presents considerable impedi ment to satisfactory analysis of n. 

semi -diurnal oscillation, the stations were selected in a spatial 

relationship designed t o ind icate the wave length of t he oscilln.-

tion. Also a period wa.s chosen to provide rela.tive consto.ncy of 

certain solar tidal parameters. The period sele.cted is symmetrical 

to the northern hemisphere winter- the sun's declinn.tion pro-

g ressing f rom about 15 degrees south on l November through t~1e 

solstice on 22 De cember and back to about 15 degrees south on 

8 Februn.ry. The location of the stations w~s such thn.t they 

extended over approximately 180 degrees of longitude with the 

goal of· encompassing spatially one complete semi-diurnal w:tve~ 

As there is empiri cn.l evidence [3] for a meridionally-clirected 

standing pressure wave of solar semi-diurnal character with a 

node at 35 degrees latitude, the stations were selected primarily 

in t he latitude belt 30 to 35 degrees north in order to minimize 

the wind effects of the stn.n4ing wave. 
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3. Data analysis. 

'Ihe ·westerly cor1ponent of each six-hourly "VTind observn.tion 

''m.s computed , and· tabulated by station, date, and time. For each 

six-hourly time a.nd at co.ch station the average wn.s to.!cen. These 

results are t11bulated in Table 1 along ''fith the total number of 

observations comprising each average. 

Data from each of the nine stations recording four wind 

observations per day was treated first by the method of differ-

ences bet,·reen each pair of successive six-hourly averar;e s. 

Assuming then that the change in westerly component over a 12-

hour period is characteristic of a 24-hour wave and that one-

half of this change occurs in each of the included six-hour 

periods, the diurnal effect is approximately eliminated by.sub-

tracting one-half of the 12 hour change from each of the six-

hourly changes. This process· is applied over the periods OOOOZ 

to 1200Z and ·from 1200Z to OOOOZ. This method of analysis gives 

an apparent six-hourly change at each station of the form: 

OOZ to 06Z l2Z to lSZ y 

06Z to l2Z lSZ to OOZ Aiu = -y 

Since x .OJ1d y are in general unequal, the differences may be 

accounted for by a terdiurnal wave. For simplicity let this 

,·rave be symbolized by ,T, and assume it to. be of constant ampli-

tude and phase at each station during the observation period. 

Then the four differences ju~t formed, + x and.±. y, include 

~erdiurnal differen~es T06- T00 , T12- T06 , T18- T12 ·' a.nd 

T
00

- T
18

• lienee b.1u ; ,6
2

u , ~3u , and Atu may be written in 
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the form: 

~u =- ~~· -·(T - T )] ~ 12 OG A. u 1:111 ~ [xI - ( T - 'r )] 
~ 00 lB 

where x' is the desired six-hour.difference based on o. semi-

diurnal ~ alone. Then may be formed 

Since points on·tlle tcrdiurnal wave which are 12 hours apart are 

180 degrees out of phase, it follows that T
00

+ T12 = 0 and 

TOG+ T18 = O. Hence equation (1) eliminates the terdiurnal wave. 

Since the 24 hour wave had been previously eliminated, equation 

(l) gives four times the "amplitude" of the semi-diurnal chai"lge 

for the particular phase of the wa.ve at the given station. In 

other words, the mean magnitude of the six-hour difference at 

any station is 

~lu - ~2u + A3u - ~u 
-----------4---------- = x' (2) 

and the four differences freed of both 24-hour and eight-hour 

harmonics are 

OOZ to 06Z x' l2Z to l8Z x' 

06Z to l2Z -x' l8Z to OOZ -x' 

The four differences sho1m above will be termed,the "filtered" 

semi-diurnal six-hour.differences. 

Oscillations of shorter periods which are evenly divisible 

into six have been removed also by the technique just described. 
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A four-hour perl od 1-rn.ve may. not h'l.ve been removed. by this process; 

h oTrever, a four-hour "i'rL\.Ve Of significant amplitude is unJmmm at 

the present time .• 

As the 100-da.y period selected. is of such duration to com­

prise three ::uul one-half osci llati ons t hr ough t h e moon's r:1.nge of 

de c l ina ti on a.11cl phase, lunar tidn.l effe cts are deemed to be ~mall. 

F or more nearly complete elimination of the lunar effect~ selection 

of a period comprising at least 12 complete lunar oscillations 

( approximately 336 dn.ys ) would have been more appropriate; 

ho·wevcr, the lunar tidal oscillation is generally rccop;nized to be 

small compared to the solar send-diurnal wave. 

Appendix l contains the filtering calculations for each of 

the nine stations which. report four times daily. Figures l'throup;h 

9 depict graphically these filtered six-hour chanr.-es and the 

corresponding observed six-hourly means of the westerly wind 

component at·each station. The filtered six-hour changes have been 

plotted in such a "'l'li1.Y as to divide the quantities x', -x' 

symmetrica lly about the 100-day mean. Thus if a positive chn.nge 

occurs between OOOOZ and 0600Z, a value x' /2 above the mean l'fas 

plotted at OGOOZ while at OOOOZ a value -x'/2 was plotted. 

Examination of Figures l through 9 shows that the observed mean 

six-hour changes freq~ently hn.ve t·wo maxima and two minima in the 

24-hour period a...1d are in this respect and in essential form 

similar to the filtere d six-hour differences unless the latter 

are so small n.s to _be obscured by "noise". 

A further analysis has been perf.ormed by plotting the 
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filtered fluctuations over t!1e full range of longitude of all 

nine stations. I•'igurcs 10 and ll depict these spatin.lly-arn1nr·ed 

flucttin.tions for t~1e periods OOOOZ to 0600Z o.nd 0600Z to l200Z 

respectively. l•'or contrn.st., llligure 12 w11.s prepn.rc(1 proe:;,..niinp: 

the observed 12-hour changes for all 15 stations also plotie(1 

over the fult range of longitude. The curves inserted in these 

figures have been fitted by eye, and in all cases the vertical 

scale is tl1e same to help convey relative mn.gni tudes. 

6 



Dn.i ly 
Sta.tion No. Ln.t. Lo~g. ooooz N 0600Z N l200Z N 1300Z N ~.lean N 

Kenitra 119 34.3N 6.6W ,15.79 96 15.72 92 15.76 188 

Ship 034 35.0N 48.0W 20.53 72 18.18 40 18.00 68 14.66 38 18.50 218 

Norfolk 308 36.9N 76.2W 37.71 90 37.26 90 37.05 01 38 .61 96 37. 7R 367 

Charleston 208 32.9N 30.0W 31.30 83 31.91 81 31.60 164 

:Montgomery 226 32.3N 86.4W 33.77 93 35 .• 17 93 33.04 93 33.66 97 33. 91 376. 

Shrevepor:t 248 32.5N 93.8W 31.32 99 30.30 99 31.41 99 30.51 96 30.89 393 

Fort Worth 259 32. &'I 97 .lW 31.15 97 31.44 06 31.36 96 29.72 95 30.92 334 

-.::j 
Tuscon 247 32.1N ll0.9W 24.81 91 24.60 91 24.71 182 

San Diego 290 32.7N ll7.2W 17.56 96 . 20.61 92 19.05 188 

Santa Monica 295 33.9N ll8.4W 15.97 95 17.31 •96 18.73 90 16.66 96 17.16 377 

Ship 134 30.0N l40.0W 14.41 80 10.94 48 15.40 81 8.03 38 13.08 247 
-

Hi1o 285 l9;7N 155 .lW 17.19 91 17.62 86 17.42 177 

. Mid·rra.y 066 28.2N l77.4i'/ 22.27 01 24.78 83 24.32 95 25.7 8 86 24.26 355 

Wai{e 245 19.3N l66.6E 3.44 99 3.'"(1 100 3.58 199 

Ship 236 34.0N l64.0E 53.80 66 40.27 22 51.83 71 45.57 28 50.23 187 

Table l. Average westerly component of the wind at ten kilotr!e-Lers in meters per second . 
(N=Number of c;>bservn.tions comprising the n.vera~e preceeding) 
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Fig. 9. Average westerly component of the ·wind at ten kilometers 
at Ship 236. 
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• 

Fig. 10. Filtered six-hour variations in the average ·wcst.erly 
component of the wind at ten kilometers for the periods OOOOZ 
to 0600Z and 1200Z to l800Z. 

13 



F'ig. 11. Filtered six-hour variations in the ave rage ·westerly 
component of the wind at ten kilometers :for the pe riods 060 0Z 
to l200Z and l800Z to OOOOZ. This curve is, a. mirror-imn.p;e of 
that in Fig. 10. ,, 
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F i g . 12. Observed 12-hqur variation in the average ·westerly 
comp onent · of the ·wind at ten kilometers for the period OOOOZ 
to l 200Z. 
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4. Discussion of results. 

If the I!Ieo.n values of an element are available n.t each 

solar hour of t l1e day, rlerivation through harmonic analysis of 

the 24-hour ,.,ave, a.s ,,•ell n.s the semi-rliurna.l wave o.nd some 

higher frequency harmoni c-s, is relatively simple. 'l'l}i~ ha~ hec-m 

done for the surface pressure wave ( see, for example, Cha.pna.n 

[2] a.n"d. Wi li{es [4] ) and for other elements. As a further example, 

Greenhow and Neufeld [a] have isolated· a semi-diurnal oscillation 

of the zonal vind between 80 and 100 kilometers by observations 

of t h e. drift of meteor trails. More recently Uant~s [9] hrts 

investigated the existence of both diurnal and semi-diurnal "?m.ves 

in the mericlional .component of tl1e 1·rincl at 29 kilometers. His 

data was based on drifts of constant pressure balloons. On the 

other hand. Pekeris [s] h::ts presented a more sophisticated theory 

in -..·rhich he assumes a temperature structure similar to that Imo1m 

to occur in the atmosphere. Using essentially the Pekeris model, 

Wilkes has shown that a phase change of 180 degrees occurs in the 

pressure wave in the neighborhood of 30 Idl ometers; however, n.t 

ionospheric levels t he phase of the semi-diurnal pressure wave 

is very nearly again in phase with the observed surf nce se~i­

diurnal wave, as is approximately required by the dynamo the ory 

of magnetic variations. According to the r~sults obtained in this 

paper, the change in phase (by 180 degrees) appears to have 

occurred as low as ten kilometers, and the semi-diurnal 1mve in 

the zonal component has an an1plitude of two meters per second at 

this sn.me level over oceanic stations. 
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In t he cas e of most. upp er-air meteoro l og ical dn.tn., h o1•.'eV'er, 

one can eJ..-pect no more than four synoptic reporis p er rlay . lienee 

t he usun.l harmonic analysis p roc edures cannot be perf ormed. l" or 

t lt is rca.son, the tec hnique of the ~iltercd SiX-hour ohn.nge s WJ\S 

devised utilizing the requirement of af.diti.ona.l verification hy 

proper spatial-temporal phase relo.tionshipto :::upport the postu­

late of a 12-hour wave at ten Idl ometers. 

Assuming a semi-diurnal wave at en.ch sto.tion, i..he times of 

maxima or minima. can be inferred from the filtered six-hour 

changes only to within +3 hours of the fi .~ tered maxima and 

minima. The best that can be said of the n,mplitude from a single 

station record is that it should be not less than half the 

filtered cha....1ge. Although onty.a few of the nine sto.tions !"l..!J }"H~n.r 

to have significant filtered six-hour changes, the spatial con­

figuration of these wind variations depicted in l''igures 10 and 

ll lends credence to their semi-diurnal character and extent. 

'l'here appears to be a fairly good indication that the adjacent 

maxima and minima are very close to 90 degrees of longitude or 

six hours apart. Except for the observations at !,lidway, the 

amplitudes and phases over the oceA.ns suggest a sinus oidn.l 

character. :\possible e::\..-planation for the much smaller amplitude 

over· the United States may be the presence of more intense 

vertical motions r-~ssocin.ted with persistent long wave troughs 

frequent in winter there, wh~ch cou~d obscure the horizontal 

fluctuations sought. 'l' he results obtained at ~.fidw<ty in. opposi t.i on 

to other indications may be due to its departure in latitude by 

17 



five c~egrees f rom t~1e mean latitude of ::..11 the stn.tions. 'J'hi.s 

small latitude difference, however, does not strongly support 

suc~1 fu""l expl n.na ti on. 

'l'he pltn.~c of the wind f tuetnn.tion clofJieted i.n l•~ i~uree 10 

n.nd ll cJeserves some cor.n~lent becl\use it is opp osite to that 

des cribed in the i·rcll-Imo1m text by Mitra [3]. lie gives a 

simplified theory using n.n atr.wsphere of constant density • 

.According to thi s theory t.he surface ser.1i-cliurnal wind is i. n 

phase with the semi-diurnal pressure wave, having a maximum 

easterly component at approximately ten a.m. ancl t.en p.m. local 

time. This would men.n that the prevailing 1resterlies at 33 

degrees north lati tuc1e should be diminished at these local times. 

F igures 10 a..'"ld ll, hm·;ever, show the westerly wind to be greater 

than t h e mean during the period 0600 to 1200 local time. 

A statistical verification of certain of these results 

was considered in t h e following manner: ·Assuming a solar diurno.l 

wave of 24-hour period of similar form as the assumed terdiurnal 

wave ancl s yn1bolizing this wave ·with "S", that portion of the 

westerly component of the wind due to tidal effects may be con-

sidered the sum of x., the semi-diurnal 1rave, T, the terdiurnal 
1 

wave, and S. 'l'hi s may be stated as follows: 

xi,OOZ + TOOZ + SOOZ + u ' and 

where u is the mean zonal wind for the period of study. Adding 

yields 

18 



but TOOZ + T12z = 0 as before, nnG SOOZ + s12z = 0 ~lso. The , 
nean of the semi-di"O.rnnl components 12 hours o.pa.rt thus corre-

sponcls to the mean of the zonal winds taken 12 l~ours aparte Tlms 

and similarly 

In other words the daily mean of the OOOOZ and l200Z zonal wind 

observations m~y be considered to be a point on th~ semi-diurh~l 

.wn.ve one-half period out of phase with the mean of the OGOOZ anrl 

lSOOZ observations. The assumption must be made, however, that 

the number of OOOOZ a.11.d l200Z observations are equal (or nen.rly 1 

· so), and that the same is true for the number of OGOOZ and l SOOZ 

reports. As the .greatest semi-diurn~l variation in the westerly 

component of the wind appeared to exist over the ocean stations, 

the Student's t test was applied at Ships 034,1 134, and 236 to 

test the hypothesis that the means of the OOOOZ and l200Z obser-

vations were significantly different from the means of the 0600Z 

and l800Z observations as the filtering a.'1alysis 'had indicated. 

Table 1 sho·'i'is that the number of observations at each of these 

,stations reasonably fulfills the required condition of eqnn.lity. 

Utilizing the S)~bolism and method of Iloel [7] where 

x = thP. OOOOZ and l200Z observations, 

y = t he 0600Z and lSOOZ obser~ati ons, 

n = the number of observations, 
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\. 2 
LX. 2 

s 
n 

1 -2 
x = t he squn.rc of the vn.rin..1ce, (l.nd 

v = n + n 
X y 2 = dc~rees of freedom, 

t = -~-=-l _______ _ 

~ 2 2 
n s + n s 

X X y y 

n + n - '2) 
X 

+ n y 

C01:1putn.tion of t yields the following results with corresponding 

probn.bi ~ i ty ti.1n.t the men.ns of x and y above are significantly 

C:. iffcrent: 

Ship 034 t = 1.15 87% 

Ship 134 t 2.16 98% and 

Ship 236 t 3.34 99% 

Tl1ese results le(l.d to the conclusion that the a.p:;:Jarently signif-

ica.nt c~ifference between ·wind observations n.t OOOOZ and 1200Z 

a.nd those at 0600Z ru1d lSOOZ is real ru1d may be due to a semi-

diurnal· effect. 

'· 
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5. Sur.u~1ary ru1d cone l us ions. 

Previous studies calculate o.n e"--pected semi-c1iurnal va.ria­

ti'on of vrinds at th.e surface of the order of one-half meter pf!r 

second. There appea~ fr oB this investigation suggestj ons of much 

g reater semi-diurnal variations in the winds at the ordinary 

synoptic levels, particularly over the ocean areas. Such magni­

tudes may require semi-r:iurnal modificn.tion of vertical shear 

prognostications so importn.nt in rocketry. This n.nd other poss­

ible applications may be reason for more extensive study of an 

apparently neglected meteorological pn.rameter. 

Though accurate harmonic analysis of the va.ri ous t idal 

effects requires more or less continous obse·rvo.tion, consine ra­

tion of the simultaneous combination of both spatial and temporal 

features of synoptically observed parameters may yield signifi­

cant results. 
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FIL'l'ElUNG CALCULATIQ}!S 

The c a.lcula.tions i nvolved in the analys i s of t he observed 

s i:x:-h ou r cha.nges i n ~"lie ·westerly wind c omi.., on en t a.re c ompl eterl 

as f oll m ·rs : 

Let u = a.vero.ge westerly component of the wind. 

u06Z - uOOZ = ~lu 

ul2Z - u06Z = A2u 

Elimination of t h e 24-hour wave 

Lllu + ~u 
~lu - (---------) X 

2 

~1u + ~u 
~u - (----2--...:-) = -x; 

is ace omp l ished as 

A3u + AJ,ll 
DJU (---------) 2 

Ll3u + Aj.u 
Atu (---------) 2 

foil ows: 

= y 

= -y . 
Elirlination of the eight-hour 1Y"a.ve is accomplished as follows: 

~1u - ~2u + ~3u - ~u 

---------~----------- c x' • 

This computation resulting in the, filtered semi-diun1al 

wave may be plotted in station model fonn as follows: 

__!_._. 
-x 

x' 
-x' 

J_ 
-y 

x' 
-x' 
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Specific cn.lculn.tions f or each of the nine stn.tions 

recording the ten kilome ter wind four times per dn.y follow. 

Ship 034 Norf ol k 30 8 11! on t r; orne ry 226 
35 . 0X 48 .011 36 . 9N 7 G. 2i1 32 .3N 8o. 4W 

20 .53 18.69 37 .71 37.05 33.77 33.04 
18 .18 14.66 37.26 38.61 35.17 33.66 

- 2 .35 - 4 .03 -0.45 +1.56 +1.•'1-0 +0.62 
+0. 51 +5 . 87 -0.21 -0.90 -2.13 +0.11 

- 0 .92 +0.92 -o:33 +0.33 -0.36 +0.36 

-1 ~4-3 -4.95 -0.12 +1.23 +1.7 G +0.26 
+1.43 +4.95 +0.12 -1.23 -1.77 -0.25 

-3.14 -3.14 +0.56 +0.56 +1.01 +1.01 
+3.14 +3.14 -0.56 -0.56 -1.01 -1.01 

Shreveport 248 F ort Worth 259 Sant'n. ~ionicn. 295 
32.5N 93.811 32.8N 97 .lW 33.9N 118.41'/ 

31.32 31.41 31.15 31.36 10.97 18.73 
30.30 -- 30. 51 31.44 29.72 17. 31. 16.66 

-1.02 -0. 90 +0.29 -1.64 +1.34 - r .o7 
+1.11 +0. 81 -0.08 +1.43' +1.42 -0.69 

+0.05 -0.05 +0.11 -0.11 +1.3 8 -1.38 

-1.07 -Oo S5 +0.18 -1.53 -0.04 -0.69 
+1.06 +0.86 -0.19 +1.54 +0.04 +0.69 

-0.96 -0.96 -0.63 -0.63 -0.37 -0.37 
+0.96 +0.96 +0.63 +0.63 +0.37 +0. ;37 
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Ship 134 
30.0N 140.0V/ 

14.41 
10.94 

-0.47 
+4.46 

+0.50 

-3.97 
+3.96 

-5.42 
+5.42 

15.40 
8.03 

-7,07 
+6.38 

-0.50 

- G.87 
+6.88 

-5.42 
+5.42 

!1!i(h~Cl.Y 066 
28. 21~ 177 .4W 

22 . 27 
24 .78 

... ~.tJt 
-0.46 

+1.03 

+1.48 
-1.49 

+1.99 
-1.99 

24.32 
25 .78 

+l.r10 
-3.51 

-1.03 

+2.49 
-2.48 

+1.99 
-1.99 

Ship ,236 
34..0N lo4.0E 

53. so 
40.27 

-1.0,r1tl 
+11.56 

-0.99 

-12.54 
+12.55 

-9.90' 
+9.90 

-tl.~(:l 

+8.23 

+0.99 

-7.25 
+7.24 

-9.90 
+9.90 

Additional stations recording the lY"ind at OOOOZ and 

1200Z only are plotted in model· as follows: 

Kenitra 119 
34.3N 6.6W 

15.79 15.72 

-0.07 +0.07 

San. Diego 290 
32.7N ll7.2W 

17.56 20.61 

+3.05 -3.05 

ul2Z 

uOOZ ~ ul2Z 

Charleston 208 
32•9N 80.0W 

31.30 31.91 

+0.61 -0.61 

llilo 285 
19.7N 155.1W 

17.19 17.62 

+0.43 -0.43 
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Tuscon 
32.1N 

24.81 

-0.21 

274 
ll0.9W 

24.60 

+0.21 

Wake 245 
19.3N 166.6E 

3.44 3.71 

. +0 .27 -0.27 
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